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Attorney Docket No. 6340-000078/NP 
[[A]] MOTOR-DRIVEN WHEEL DRIVING APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
roOOII This application is a National Stage of International Application No. 
PCT/JP2005/000454, filed January 17, 2005, which claims priority to Japanese 
Patent Application No. 2004-045615. filed February 23, 2004. The disclosures of the 
above applications are incorporated herein by reference 

BACKGROUND OF THE I NVENTION 
FIELD of tho Invent i on 
fOOOjjJOOOg] — The present i nvent i on disclosure relates to a motor- 
driven wheel driving apparatus with hav i ng a combined wheel bearing and electric 
motor used fe^in a vehicle a such as an electric vehicle, a golf cart or a fork lift truck. 

DESCR I PTION OF BACKGROUND-ART 

r00021 [0003] — The moto r Motor -driven wheel driving apparatus has 

been proposed to improve the-driving efficiency in the case of driving a wheel by an 
electric moto r, such as and us e d for driving a wheel.,, e.g. of an electric car m 
wfrio hwhere the wheel is directly driven by the electric motor. However, since such a 
motor-driven wheel driving apparatus requires a large torque for an in the electric 
motor, it is necessary to use a large motor ofwith high power. This increases not only 
a the manufacturing cost but athe weight of vehicle and accordingly^ makes it difficult 
to ensure sufficient driving performance. 

£OOO33J0004] — On the other hand, i t has boon also proposed a motor- 

driven wheel driving apparatus (wheel motor) equipped with a reduction gear m 
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wfriefr have been proposed where an electric motor and a planetary reduction gear 
are arranged within a space inside a wheel, and th e The rotational output of the 
electric motor is transmitted to the wheel via the planetary reduction gear. 

fQOO44-r00051 — When adopting the planetary reduction gear as a 

reduction gear, its output shaft for transm i tt i nq to transmit the rotational output of the 
electric motor to the wheel,, via the planetary reduction gear, has to take out its 
output witowhile coinciding its axial center to that of the motor shaft after once having 
been divided in the axial direction of the motor-driven wheel driving apparatus. 
Accordingly, th o ro are causod problems are caused in such an apparatus wheret hat 
its structure is difficult to assemble and the strength against inclination of the 
wheel wheels during running of vehicle is low because of the adoption of a small 
supporting span of the output shaft hav i ng to bo adopt e d . 

fQQQ51-r00061 — In order to solve For so l ving these problems, it-is 
known a known motor-driven wheel driving apparatus asis shown in Fig. 8. The 
motor-driven wheel driving apparatus 51 has contains an electric motor 54 and 
reduction gear 55 within the inside of a wheel 53 mounted with on which a tire 52-4s 
mount e d . The wheel 53 can be driven by athe rotational output of the electric motor 
54. 

fQQQ6Tr00071 The electric motor 54 comprises a stator 57 secured to a 

side of a case 56 arranged inside the wheel 53. Av-a rotor 58_is arranged oppositely 
to the stator 57 . An with i n thio, and an output shaft 59 is mounted to the rotor 58 to 
for transmittinq transmit the rotational oyttorgue of the rotor 58 to the wheel 53 A via 
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the reduction gear 55. The stator 57 and the rotor 58 are secured to a side of the 
case 56 w i th bo i nq which is sandwiched by covers 60 and 61 andto form the electric 
motor 54. 

fQQQ71-r00081 One end 59a of the output shaft 59 is integrally formed 

with a mounting flange 62 which is secured to the wheel 53 via hub bolts 63. T^This 
end 59a of the output shaft 59 is rotatably supported by a rolling bearing 64 
positioned - within a shaft insert aperture 56b ofin the case 56t. and tho The other 
end of the shaft 59b is also rotatably supported by a rolling bearing 65 positioned 
within a central recess 60a of the outer cover 60. 

£000§H0009] The reduction gear 55 ± contained within the case 56 A is 

formed by a plurality of gears 55a, 55b, 55c and 55d. A first gear 55a is integrally 
formed with and arrang e d coaxiallv arranged withat the end of the rotor 58 and 
intogral l y formed thorow i th . Second and third gears 55b and 55c are secured on a the 
same supporting shaft 66 and thus rotate simultaneously. The second gear 55b and 
the first gear 55a aro moshod mesh with each other. One end 66a of the supporting 
shaft 66 is rotatably supported by a rolling bearing 67 within a recess 61a of the 
inner cover 61 . Its and i ts other end 66b is also rotatably supported by a rolling 
bearing 68 within a recess 56a of the case 56. The force gear 55d is secured on the 
output shaft 59 and meshes with the third gear 55c. 

FQQQ9H00101 According to such a structure, s i nco the output shaft 59 of 

the electric motor 54 is rotatably supported at opposite ends of the case 56 . The 
output shaft 59 is w i th bo i ng passed through the aperture of the center of rotation of 
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the fourth gear 55d which is thea final stage of the reduction gear 55. and also Also, 
the output shaft 59 is passed through the shaft inserting aperture 58a of the rotor 
58, T _ihe Thus, the apparatus can be easily assembled by sequentially fitting the 
structural parts of the reduction gear 55, the inner cover 61, the structural parts of 
the electric motor 54, and the outer cover 60 ononto the output shaft 59 using it as a 
reference part. In addition since the output shaft 59 is supported at substantially 
opposite ends of the motor-driven wheel driving apparatus 51 , it is possible to ensure 
the supporting span of the output shaft 59. and thus Thus, this- to obtamobtains a 
sufficient supporting strength against the inclination of the wheel during running of 
vehicle (see Japanese Laid-open Patent Publication No. 81436/1995). 

D i sclosure of th e Invent i on 

Prob l oms to be solved by tho Inventio n 

K)Q4W00111 In such a motor-driven wheel driving apparatus, while the 

reduction gear 55 can easily assemble various structural parts, the installation space 

for the rolling bearings 64 and 65 to for supporting support the output shaft 59 is 

limited since the electric motor 54 requires a large mounting space due to its o f-high 

rotational output nocossar il y roqu i ro a largo mount i ng spaco . Accordingly, the 

loading capacity against the inclination of the wheel 53 during running of the vehicle^ 

ire^-against the moment load, becomes insufficient, and thus it has b ee n 

roquirod reguires to improvo improvement to the durability of the rolling bearings 64 

and 65. 
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SUMMARY OF THE INVENTION 

rOOHI F00121 It is thoroforo an object of the present inv o nt i on disclosure 

to provide a motor-driven wheel driving apparatus which can solve the problems of 
the prior art. and improv e The present apparatus improves the durability of the 
wheel bearing, reduces the weight and size of the apparatus, and make it easy to 
assemble and disassemble the apparatus. 

Moans for so l v i ng tho prob l ems 

FQQia-r00131 Fof — ach i eving foe object, thefe is provided, 

according Accordinq to the present invention of claim 1 disclosure , a motor-driven 
wheel driving apparatus compr i s i nq: comprises a wheel bearing, a planetary 
reduction gear, aod-a driving section with having an electric motor for dr i v i nq to drive 
the planetary reduction gear A and a rotation members — tke The wheel bearing 
i nc l uding includes a fruk-wheel hub formed with a wheel mounting flange on its one 
en( j T> -^anAn inner ring is press- f i tt e d fit ononto a cylindrical portion of the bub 
wfree lwheel hub. The inner ring is and-formed on its outor c i rcumforont i al surface 
with at least one o^double row inner raceway surfaces on its outer circumferential 
surface . T aoAn outer member isjormed with double row outer raceway surfaces on 
its inner circumferential surface oppos i to l v opposite to the inner raceway surfaces^ 
and doublo Double row rolling elements are rollably arranged between the inner and 
outer raceway surfacesr. -ifr eThe planetary reduction gear i nc l ud i ng includes an 
input element mounted on the rotation member; a^-a stationary element mounted on 
the inner circumferential surface of the outer member; a-r-a plurality of planetary 
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elements arranged between the stationary element and the input element; and T and 
an an_output element for supporting suBgorting the planetary elements rotatably 
relative to a connecting shaf U. The- the driving section, forming the electric motor, 
and havinq has a stator housing mounted on the outer member. A-a stator portion is 
contained within the stator housing- ^ and a A rotor portionjs secured on the rotation 
member and arranged oppositolv opposite to the stator portion via a predetermined 
air qaP T. The- the connecting shaft isjemovably and torque-transmittably connected 
to the hub whoo l wheel hub and adapted to drive the wheel by transmitting the 
rotation of the electric motor to the hub whool wheel hub via the planetary reduction 
gear. 

fflQ4^M00141 The Adopt i on adoption of this structure defined in claiml 

makes it possible to sufficiently ensure the necessary space for the bearing section. 
In addition since the connecting shaft, forming the planetary reduction gear, is 
removably and torque transmittably connected to the hub wh ee l wheel hub , it is 
possible to replace the wheel bearing, the planetary reduction gear and the driving 
section by easily separating them from each other when carrying out maintenance. 
Thus.,, it is unnecessary to replace the whole the-apparatus and thus it is possible to 
reduce resource as well as maintenance cost. 

fQQ44l-r001 51 According to tho i nvention of c l aim 2, sinco the The 

planetary reduction gear comprises a sun gear mounted on the rotation member. T A 
a plurality of planetary gears mosh i nq mesh both with external teeth of the sun gear 
and with internal teeth formed on the inner circumferential surface of the outer 
member T . A and a carrier pin pro je ct e d proiects from the outer circumferential portion 
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of the connecting shaft ferto rotatably supportinq support the planetary gears v. Thus, 
it is possible to efficiently achieve power transmission without any sliding contact and 
to carry out lubrication by using grease sealed within the bearings. In addition^ it is 
possible to suppress the application of offset load caused by the moment load to the 
planetary gears and the sun gear, and also Also, it is possible to suppress the 
generation of meshing noise caused by the meshing between the planetary gears 

and the sun gear. 

\ 

fflO4^l-r00161 According to tho i nvention of c l a i m 3, sinco a A braking 

apparatus is integrally mounted on the rotation membe r to reduce cost reduction 
can bo achiovod by using common parts. In addition., since the braking action can be 
obtained before speed reduction at the planetary reduction gears, it is possible to 
provide a brak i ng apparatus of light weight and compact size braking apparatus due 
to reduction of the braking torque. 

fQOlSl-r00171 According — to — the — invont i on — of — claim — 4^ — it — is 

proforab l o Preferablv, that-the braking apparatus is a parking brake. Such a structure 
makes it possible to use common parts and to arrange the parking brake A previously 
arranged at the outboard side,, at the inboard side . Thus, and thus to this 
i mprove improves layout i be-freedom of layout to keep a space around the wheel 
bearing. 

fQ04^4-r001 81 Accord i ng to tho invontion of cla i m 5, tho The_parking 

brake comprises an intermediate member held on the stator housing ^ and an An 
actuator for e ngag i ng enqaqes and dis e nqaging disenqages the intermediate member 
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with the rotation member by displacing the intermediate member. This makes it 
possible to integrally connect the parking brake to the driving section . Thus, this- and 
thus to further improve improves the layout freedom of layout to keep a space around 
the wheel bearing. 

fflQlSl-rOOl 91 According to tho i nvent i on of claim 6, a p l ura li ty of 

rocossos are A plurality of recesses is formed on the rotation member . The^ 4he 
stator housing is formed with a plurality of through apertures corresponding to the 
recesses . The , oach tho intermediate member h a v in q has tapered surfaces is 
contained in each of the through passage . The , and tho intermediate member can 
be adapted to engage and disenqage bo ongagod and disengag e d with the recess 
wrth while being displaced by a cylindrical member engaging the tapered surface. 
Also. , accord i ng to tho invont i on of claim 7, a plurality of recesses and tapered 
surfaces are formed on the rotation membe r. The , th e intermediate member is 
formed with pro j oct e d proiecting portions and tapered surfaces adapted to be 
onqaqod engage t respective \y ± with the recesses and tbe-tapered surfaces of the 
rotation membe r. The , and tho intermediate member is held so as to be able to 
transmit a torque to the stator housing and also to be axially displaced. Such a 
structure,, ire^engagement of the intermediate member with the recess of the stator 
housing^ makes it possible to assure a larger braking force taethan the prior art 
parking bfake brakes of tho prior art using a frictional force . Thus, this enables ^and 
thus to moro oas il y achiovo the apparatusjo bavif^have a lesse fsmaller weight and 
size. 
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fQO4SH00201 Accord i ng to tho invent i on of c l aim 8, tho The planetary 

reduction gear has first and second planetary reduction gears connected to_each 
other via a connecting shaft s The and the power of the electric motor can be 
adapted to be transmitted to the hub whoo l wheel hub to with reducing reduce the 
rotation of the electric motor to two steps,, via the first and second planetary 
reduction gears. This structure makes it possible to obtain a very large reduction 
ratio in a small space and thus to use an electric motor having smaller size and 
lighter weight. 

{00201100211 According to tho i nvention of cla i m 9, thej he first 

planetary reduction gear comprises a sun gear mounted on the stator housing . A^ -a 
plurality of planetary gears mosh i ng mesh both-with both external teeth of the sun 
gear and with internal teeth formed on the inner circumferential surface of the 
rotation member. A , and a carrier pin fef-rotatably support i no supports the planetary 
gears relative to a first connecting shaft . The^ 4he second planetary reduction gear 
comprises a sun gear mounted on the first connecting shaft . Ai — a plurality of 
planetary gears moshing mesh both with both external teeth of the sun gear and with 
internal teeth formed on the inner circumferential surface of the outer membe r. A 7 
and a carrier pin fof-rotatably s upport i ng supports the planetary gears relative to a 
second connecting shaft . The ; and tho second connecting shaft is connected to the 
hub whe el wheel hub . This structure also makes it possible to assure the bearing 
space and thus to have a larger reduction ratio in a small space. 

fOO244-r00221 Accord i ng to tho invontion of c l a i m 10, tho The_stator 

housing is separably fastened to the outer member. Thus it is possible to replace a 
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part (or parts) by easily soparato separatinq the wheel bearing and the driving section 
during maintenance . This and thoroforo to roduco reduces resources resource and 
maintenance cost. 

Effect of tho I nvention 

fQQ221-r00231 The present motor-driven wheel driving apparatus of tho 

prosont i nvention comprises a wheel bearing, a planetary reduction gear, and a 
driving section havinq with an electric motor to for dr i v i ng drive the planetary reduction 
gear, and a rotation members The- the wheel bearing includinq includes a bub 
whee lwheel hub formed with a wheel mounting flange on tts-one end . An^ an inner 
ring impress f i tt e d fit_on a cylindrical portion of the hub whoo l wheel hub. -The inner 
rings are a nd-formed on i ts outor circumforont i a l surfac e with at least one o^-double 
row inner raceway surfaces on its outer circumferential surface T . An-^an outer 
member is formed with double row outer raceway surfaces on its inner 
circumferential surface oppos i te l v opposite to the inner raceway surfaces v. D^ and 
4eubJeouble row rolling elements are rollably arranged between the inner and outer 
raceway surfaces . TheM he planetary reduction gear includ i no includes an input 
element mounted on the rotation member^- a stationary element mounted on the 
inner circumferential surface of the outer member^ a plurality of planetary elements 
arranged between the stationary element and the input element, and an output 
element for support i no to support the planetary elements rotatably relative to a 
connecting shaft . The : tho driv i ng driving section , including form i ng the electric 
motor^ and hav i ng has a stator housing mounted on the outer member, a stator 
portion contained within the stator housing and a rotor portion secured on the 
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rotation member and arranged oppos i tolv opposite to the stator portion via a 
predetermined air gap . The connecting ; tho connecting shaft is_removably and 
torque-transmittably connected to the hub wh eel wheel hub. The connecting shaft is 
a«d adapted to drive the wheel by transmitting the rotation of the electric motor to the 
hub whool wheel hub via the planetary reduction gear. Thus a it is possible to assure a 
sufficient space for the bearing section, and to easily replace any parts by 
disassembling^ during maintenance^ the wheel bearings, the planetary reduction 
gear and the driving section. According^ it is unnecessary to replace the whole the 
apparatus . Thus, and thus it is possible to reduce resources and maintenance cost. 

Bost modo for carrying out tho Invent i on 

r00231 [00241 The Boet modo for carrying out tho present i nvention i s a 

motor-driven wheel driving apparatus oompris i na: comprises a wheel bearing, a 
planetary reduction gear, and a driving section with hav i ng an electric motor fof 
dfiviriq to drive the planetary reduction gear x and a rotation membe r. TheH he wheel 
bearing including includes a hub whoo l wheel hub formed with a wheel mounting 
flange on its-one end . An^ an inner ring is_press- fittod fit ©nonto a cylindrical portion 
of the hub whool wheel hub. The inner ring isl and formed on its outor circumferential 
surfac e with at least one of-double row inner raceway surfaces T on its outer 
circumferential surface. An- an outer member is formed with double row outer 
raceway surfaces on its inner circumferential surface opposit el v opposite to the inner 
raceway surfaces . Doubl o , and doub le row rolling elements are rollably arranged 
between the inner and outer raceway surfaces . Thef -tfre planetary reduction gear 
inc l uding includes an input element mounted on the rotation member, a stationary 
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element mounted on the inner circumferential surface of the outer member, a 
plurality of planetary elements arranged between the stationary element and the 
input element, and an output element for support i ng to support the planetary 
elements rotatably relative to a connecting shaft . The^ -4ke driving section^ forming 
the electric motor^ has and hav i ng a stator housing mounted on the outer member, a 
stator portion contained within the stator housing, and a rotor portion secured on the 
rotation member and arranged opposito l v opposite to the stator portion^ via a 
predetermined air gap . The ; th e connecting shaft is connected to the bub 
whee lwheel hub via a serration . The connecting shaft isl and adapted to drive the 
wheel by transmitting the rotation of the electric motor to the hub wh eel wheel hub via 
the planetary reduction gear. 

BRIEF DESCR I PT I ON OF THE DRAWINGS 

fQQ241-r00251 Additional advantages and features of the present 

invention will become apparent from the subsequent description and the appended 
claims, taken in conjunction with the accompanying drawings, wherein: 

f0025U0026] Fig. 1 is a longitudinal-section view of a first embodiment 

of a motor-driven wheel driving apparatus of tho prosont invention ; 

100261 T00271 Fig. 2 is a cross-sectional view taken along a line ll : ll of 

Fig. 1; 

fQQ274-r00281 Fig. 3 is a longitudinal-section view of a second 

embodiment of a motor-driven wheel driving apparatus of the pr e sent invent i on ; 

r00281 r00291 Fig. 4 is a partially enlarged perspective vie w of a portion 
of Fig. 3; 
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fQQgQHOOSOl Fig. 5 is a longitudinal-section view of a third embodiment 

of a motor-driven wheel driving apparatus of tho present i nv e ntion ; 

fQQ3(H-r003n Fig. 6 is a longitudinal-section view of a fourth 

embodiment of a motor-driven wheel driving apparatus of tho pros o nt invention ; 

fQQ3W00321 Fig. 7 is a fifth embodiment of a motor-driven wheel 

driving apparatus of tho prosont invent i on;; and 

fQQ3a-r00331 Fig. 8 is a longitudinal-section view of a prior art motor- 

driven wheel driving apparatus of tho pr i or art . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

fQQ33^r00341 Preferred embodiments of tho prosont i nvention will be 

described with reference to accompanied drawings. 

F i rst embod i ment 

fflQ34H00351 Fig. 1 is a longitudinal-section view of a first embodiment 

of athe present motor-driven wheel driving apparatus ^ of th e prosont inv e nt i on, and 
Fig. 2 is a cross-sectional view taken along a line ll-ll of Fig. 1 . 

fflQ35H00361 The wheel bearing 1 is a so-called "third generation" 
bearing used forto support i nq support a driving wheel (not shown). The wheel bearing 
1 comprises a hub wh eel wheel hub 6 integrally formed with a wheel mounting flange 
5 at the outboard side end, an inner raceway surface 6a and a cylindrical portion 6b 
extending from the inner raceway surface 6a j. An^ an- inner ring 7 isjormed on its 
outor circumf e r e ntial surfaco with an inner raceway surface 7a on its outer 
circumferential surface. The inner ring 7 is and fittod fit onto the cylindrical portion 
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6b of the hub whool wheel hub 6 . An^ -aft outer member (stationary element) 8 is 
integrally formed on i ts outor c i rcumforontia l surface with a body mounting flange 8b 
on its outer circumferential surface. The mounting flange 8b is to be secured on a 
body of the vehicle . The outer member 8 is also and a l so integrally formed on its 
i nnor circumforontial surfac e with double row outer raceway surfaces 8a and 8a_oo 
its inner circumferential surface. The outer raceway surfaces 8a and 8a are 
opposito l y arranged opposite to the inner raceway surfaces 6a and 7a i. Double 
doub le row rolling elements (balls) 9 are rollably contained between the inner and 
outer raceway surfaces . A ; and a cage 10 for ho l d i nq holds the rolling elements 9 
equidistantly around the inner raceway surfaces 6a and 7a. Seals 8c and 8c are 
arranged at either ends of the outer member 8 to prevent leakage of lubricating 
grease sealed within the bearing . Also, the seals 8c and 8c and a l so to prevent the 
penetration of rain water or dusts from the external circumstances. 

{QQ36T 

r00371 -The outer circumferential surface of the wheel hub 6 is formed with 
a hardened layer having a surface hardness of 54-64 HRC at a seal land region at a 
base of the wheel mounting flange 5 as well as a region from the inner raceway 
surface 6a to the cylindrical portion 6b. The heat treatment is preferably carried out 
by high frequency induction guenching due to the ease of setting the depth of the 
hardened layer. A stop ring 1 1 is mounted at the end of the cylindrical portion 6b of 
the wheel hub 6 to prevent the inner ring 7. press-fit onto the cylindrical portion 6b, 
from being axiallv slipped off. 



14 



Substitute Specification - Mark up 



Attorney Docket No. 6340-000078/NP 

f0037^rOQ381 — Although it is horoin illustrated as a double row 

angular ball bearing using balls as rolling elements 9, a double row tapered roller 
bearing^ using tapered rollers^ may tee-also be used. In addition, although i t is shown 
a bearing of the third generation structur e is shown, with i n which the inner raceway 
surface 6a is— directly formed on the outer circumferential surface of the bub 
whee lwheel hub 6, a so-called second generation structure , with i n which a pair of 
inner rings are-press- fitt o d fit onto the cylindrical portion of the hub whoo l wheel hub, 
could be used . 

fQ0381-r00391 — A planetary reduction gear 2 is formed in which 

includes internal teeth 8d^ afe-formed on an inner circumferential surface,, at the 
inboard end of the outer member (stationary element) 8 and 4 . Planetary p l anotary 
gears (planetary elements) 12 moshinq mesh with external teeth 3a of a sun gear 
(input element) 3 . The planetary gears 12 are arranged between the sun gear 3 and 
the outer member 8. The planetary gears 12 are rotatably supported on carrier pins 
14 . The carrier pins 14 pro ie ct e d proiect from the circumferential portion of the 
connecting shaft 13 (see Fig. 2). The connecting shaft 13 i sincludes a serration (or 
spline) 13a formed on its outer circumferential surface . The serration (or spline) 13a 
meshes - with a serration (or spl i ne) 13a which i s connect e d to a serration (or spline) 
6c formed on the inner circumferential surface of the hub whoo l wheel hub 6 in a 
torque transmittable manner. The hub whoo l wheel hub 6 and the connecting shaft 13 
are axially detachably secured to each other by a stop ring 16 mounted on the end of 
the connecting shaft 13. Although the sun gear 3 is illustrated in this embodiment is 
tho sun goar 3 directly formed on the rotation member 17, forming the driving section 
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4, it is possible to form a separate sun gear adapted to be press- fittod fit onto a 
rotation shaft pro je ct e d proiectinq from the rotation member. 

fOQ394-r00401 — The rotation member 17 is form e d as hav i ng has a cup 

shape. A and a rotor portion 18 A forming a part of an electric motor "M" ± is secured 
on the outer circumferential surface of a cylindrical portion 17a of the rotation 
member 17. The rotor portion 18 is comprised o f compr i sos a plurality of permanent 
magnets 18a. A stator portion 19 is arranged opposite oppos i toly to the rotor portion 
1 8^_ via a A predetermined air gap is between the rotor portion 18 and stator portion 
19. The stator portion 19 af*d-is contained within a stator housing 20 which has 
formed as a cup shaped configuration. The stator portion 19 compris e s is comprised 
of a stator iron core 19a and a stator coil 19b wound on the stator iron core 19a. The 
electric motor "M" is formed by the rotor portion 18 and the stator portion 19 (see Fig. 
2). 

rOO I OI r00411 — The rotation member 17 is is supported by ro lli ng 

boarings 21 and 22 rotatablv supported - relative to the stator housing 20 and the 
outer member 8 A forming the stationary membe r by rolling bearings 21 and 22 . JThe 
stator housing 20 is detachably fastened to the body mounting flange 8b ± by bolts 
(not shown) A to the outer member 8. The rotation member 17 is rotated by supplying 
electric energy to the electric motor "M" T . and the The rotation of the rotation 
member 17 is transmitted to the planetary gears 12 A via the sun gear 3 . FinallvT -a^d 
f i na l ly, , the rotation of the planetary gears 12 is transmitted to the hub wh eel wheel 
hub 6 to rotate a wheel (not shown). 
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fQ0444-r00421 — The speed reduction ratio of the planetary reduction 

gear 2 can be appropriately adjusted by changing a the ratio of the number of teeth of 
the planetary gear 12 and the number of teeth of the outer member 8. For example, 
a reduction ratio in a range of 3:1 to 9:13 ^9 can be set when the planetary reduction 
gear2 is applied to the motor-driven wheel driving apparatus o^of an electric vehicle. 
In addition, if desiring to obtain such a level of reduction ratio, it can be sufficiently 
achieved by reducing the outer diameter of the sun gear 3 and thus the reduction 
gear is never enlarged mwhen accompanvinq accompanied with thean increase of 
the reduction ratio. Furthermore, a sufficient space for the bearing section can be 
assured bocaus e of due to the meshing of the planetary gears 12 with the internal 
teeth 8d formed on the inner circumferential surface of the outer member 8 in the 
wheel bearing apparatus 1 T . Also, the and action of offset load to the planetary 
gears 12 and the sun gear 3 by the moment load can be suppressed T . 
furthormor e Furthermore, meshing noise caused by meshing between the planetary 
gears 12 and the sun gear 3 can be also suppressed. In addition since the 
connecting shaft 13 forming the planetary reduction gear 2 is connected to the hub 
whee twheel hub 6 via the serration 13a, it is possible to replace any parts during 
maintenance by easily disassembling^ as a sub unit ± the wheel bearing 1, the 
planetary reduction gear 2 A and the driving section 4. Thus A it is unnecessary to 
replace the whole tee-apparatus and it is possible to reduce resources and 
maintenance cost. 

r00 4 21 [00431 — Although it is shown in this embodiment that power is 

transmitted to each element of the planetary reduction gear by the gear transmitting 
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mean smechanism , other power transmitting mean smechanism such as friction 
means mechanism (e.g. traction drive) may be used. In this case, noise and vibration 
caused during power transmission can be largely reduced. 

Second embod i m e nt 

1*00431 T00441 — Fig. 3 is a longitudinal-section view of a second 

embodiment of a motor-driven wheel driving apparatus, of tho pres e nt invention, 
and Fig. 4 is a partially enlarged perspective view of a portion of Fig. 3. Since 
difference of this embodiment from the first embodiment (Fig. 1) only resides in the 
structure of the driving section, the same numerals are used as those used in the 
first embodiment ferto dosignat i nq designate the same structural elements and thus 
detail description of them will be omitted. 

fQQ441-r00451 — The rotation member 23 is formed with a cylindrical 

portion 24 extending thorofrom toward the inboard side. and tho The cylindrical 
portion 24 is includes a plurality of recesses 24a formed on its outer circumferential 
surface . The w i th a plurality of recesses 24a is arranged equidistantly along the 
outer circumferential surface. The stator housing 25 is formed., at its inboard side^ 
with a cylindrical portion 26 arranged opposito l v opposite to the cylindrical portion 24. 
The cylindrical portion 26 is also formed with a plurality of through apertures 26a 
corresponding to the recesses 24a. Each through aperture 26a contains aan 
intermediate member 27. The intermediate member 27 has a substantially 
rectangular parallelopiped configuration having with a steeple tip. An end surface 27a 
of the intermediate member 27 is tapered . The tapered surface 27a is arid-adapted 
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to be ln_sliding contacted with a tapered surface 28a of the cylindrical member 28. A 
tip end of the intermediate member 27 is received within a pocket 29a of an annular 
spring member 29. 

fQQ4Sl-r00461 — In Fig. 3, an actuator 30 is arranged near the 

cylindrical member 28 and is swingably supported around a fulcrum 30a. One end of 
the actuator 30 contacts an end surface of the cylindrical member 28 . The and tho 
other end of the actuator 30 is connected to a brake wire 31 . Actuation of the brake 
wire 31 causes the actuator 30 to be swung around the fulcrum 30a to displace the 
cylindrical member 28 axially (toward left side in Fig. 3). This displacement of the 
cylindrical member 28 causes all the intermediate member 27 to be moved radially 
inward. Thus A the tip end of each intermediate member 27 engages each recess 24a 
of the rotation member 23. As athe result of which , the rotation member 23 and the 
stator housing 25 are united via the intermediate member 27 . Thus and thus , the 
rotation member 23 is secured to the stator housing 25. 

fflO464-r00471 — Each pocket 28a of the annular spring member 29 is 

expanded in accordance with movement of the intermediate member 27 . Thus,- and 
tous-_a column portion 29b between pockets 29a is elastically deformed (see Fig. 4). 
Each intermediate member 27 is moved radially outward and returned to its initial 
position by toe-restoring the force of the elastically deformed column portion 29b. 
Accordingly, engagement between the recesses 24a of the rotation member 23 and 
the intermediate member 27 is released . Thus, and thus the connection between 
the rotation member 23 and the stator housing 25 is also released. 
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fQ0471-r00481 — As described above, the intermediate members 27 

can be stably held by the through apertures 26a of the stator housing 25 and the 
annular spring member 29 . The intermediate member 27- and can be smoothly 
returned to their initial positions by the elastic force of the spring member 29 . This 
generates to qonorato a stable and reliable braking action. Accordingly, it is possible 
to reduce the number of parts by combining the rotation member 23 ± forming the 
electric motor "M\ and the parking brak e. Accordingly, this generates and to 
gonorato a braking action by the parking brake prior to reduction of the vehicle speed 
by the planetary reduction gear 2. _Thus, According to th i s ombod i mont, it is possible 
to provide a braking apparatus with ao f light weight and compact size. In addition, it 
is possible to further reduce the weight and size of the braking section since the 
apparatus of this embodiment generates a larger braking force as compared with a 
parking brake of the prior art. 

Third embodim e nt 

fQQ48H00491 — Fig. 5 is a longitudinal-section view of a third 

embodiment of a motor-driven wheel driving apparatus of tho prosont invention . This 
third embodiment is different from the second embodiment (Fig. 3) only in the 
structure of the braking section. Thus , the same numerals are used her e in as those 
used in the previous embodiments for dos i gnat i ng to designate the same structural 
elements. 

FQQ491-r00501 — The rotation member 32 is formed with a cylindrical 

portion 33 extending thorofrom toward the inboard side . The and the cylindrical 
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portion 33 is formed with a tapered inner circumferential surface 33a. _A On tho oth e r 
hand, a ring shaped intermediate member 34 is arranged oppos i to l v opposite to the 
rotation member 32. and formod on i ts outer circumfer e ntial surface with a A 
tapered surface 34a A corresponding to the tapered surface 33a v. is formed on the 
outer circumferential surface of the intermediate members 34. The rotation member 
32 is formed with recesses 35 on its side surface at its inboard side . The with 
recesses 35 are and projected portions 36 adapted to be engaged by projecting 
portions 36 that roc e ss e s 35 are formed on the end of the intermediate portion 34. In 
addition, the intermediate member 34 is arranged opposite l y opposite to the stator 
housing 37 via elastic members 38 . Also, the intermediate member 34 is and a l so 
arranged so that it cannot rotate but can axially slide relative to the stator housing 
37 i -er§r_-via a serration. 

fQQSQJ-roosn — An actuator 30 is arranged near the intermediate 

member 340 and is swingably supported around a fulcrum 30a. One end of the 
actuator 30 contacts an end surface of the intermediate member 34 . Th o and th e 
other end of the actuator 30 is connected to a brake wire 31 . Actuation of the brake 
wire 31 causes the actuator 30 to be swung around the fulcrum 30a to displace the 
intermediate member 34 axially (toward left side in Fig. 5). This displacement of the 
intermediate member 34 causes the tapered surfaces 34a of the intermediate 
member 34 to bo contactod contact with the tapered surface 33a of the rotation 
member 32 . Finally and fina ll y , the proioctod proiectinq portions 36 of the 
intermediate member 34 aro onqaqod enqaqe with the recessed portion 35 of the 
rotation member 32. As the result of which , the rotation member 32 and the stator 
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housing 37 are united^ via the intermediate member 34 . Thus, and thus the rotation 
member 32 is secured to the stator housing 37. When actuating the brake wire 31 to 
release the brake, the intermediate member 34 is axially moved toward the right 
hand and is returned to its initial position by the restoring force of the elastic 
members 38. Accordingly, engagement between the recesses 35 of the rotation 
member 32 and projections 36 of the intermediate member 34 is released . Thus, 
and thus the connection between the rotation member 32 and the stator housing 37 
is also released. 

fQQ&H-r00521 — As described above, since the intermediate member 

34 can be engaged and disengaged relative to the rotation member 32,, via slippage 
engagement and projection/recess engagement, it is possible to effect the braking 
action while the rotation member 32 is not perfectly stopped, and a l so Also, it is 
possible to generate a stable and reliable braking action by the projection/recess 
engagement. Accordingly, it is possible to reduce the number of parts and the 
manufacturing cost by combining the rotation member 23 A forming part of the t he 
electric motor "M" A and the parking brake. 

Fourth e mbod i m e nt 

fOO5ai-r00531 — Fig. 6 is a longitudinal-section view of a fourth 

embodiment of a motor-driven wheel driving apparatus of th e prosont invention . 
ThisThe fourth embodiment is different from the previous embodiments (Fig. 3 and 
Fig. 5) only in the structure of the braking section. Thus , the same numerals are 
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used horo i n as those used in the previous embodiments for dos i qnatinq to designate 
the same structural elements. 

fQQ53H00541 — The rotation member 39 comprises a base portion 

393^ formed as a hat-like configuration, and a cylindrical portion 39b adapted to be 
fitted onto the base portion 39a in a torque transmittab l o transmittinq manner^ via a 
serration^ thorobotw o on. The rotor portion 18 A forming part of the electric motor "M'\ 
is secured on the outer circumferential surface of the cylindrical portion 39b. The 
base portion 39a is integrally formed with a brake rotor 40 on its inboard end with a 
brako rotor 40 w i th wh i ch a . A disc brake 41 is associated with the brake rotor 40 . 
The disc brake 41 comprises brake pads 44-41 a for sandwiching the brake rotor 40 
and a brake caliper 41b for urqing to urge the brake pads 4441a against the brake 
rotor 40,, via an actuator (not shown). 

IQQ54H00551 — According to this embodiment, since the brake rotor 

40 is integrally formed with the rotation member 39^ forming a part of - the electric 
motor "M", it is possible to reduce the manufacturing cost due to common use of 
structural parts. In addition, since the braking action can be effected by the disc 
brake 41 prior to speed reduction effected by the planetary reduction gear 2, it is 
possible to provide a light and compact disc brake. The disc brake 41 has-also has a 
function of parking brake function . 

F i fth e mbodim e nt 

fQQ55H00561 — Fig. 7 is a longitudinal-section view of a fifth 

embodiment of a motor-driven wheel driving apparatus of tho prooont i nvent i on . This 
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fifth embodiment is different from the first embodiments (Fig. 1) only in the structure 
of the planetary reduction gear. Thus , the same numerals are used here i n as those 
used in the first embodiment for dos i anat i nq to designate the same structural 
elements. 

fQQ5gl-r00571 — This embodiment comprises the wheel bearing 1 and 

two planetary reduction gears 42 and 43 mounted on the wheel bearing 1. The first 
reduction gear 42 includes the sun gear (stationary element) 3, four (4) planetary 
gears (planetary elements) effecting planetary motion around the sun gear 3, and 
carrier pins (output elements) 14 . The carrier pins 14 rotatably support i nq support 
the planetary gears 12^ via rolling bearings ^5 ± relative to the first connecting shaft 
45. A plurality of the carrier pins 14 aro proioctod proiects from an outer 
circumferential portion of the first connecting shaft 45 at an outor c i rcumfor e ntia l 
portion . The inner circumferential surface^ at the inboard side of the rotation member 
(input element) 46 A is formed with internal teeth 46a . The teeth 46a m o shinq mesh 
with the planetary gears 12 to form a solar type oLpIanetary reduction gear 42. 

{0057^00581 — The On tho othor hand, tho second planetary reduction 

gear 43 comprises a sun gear (input element) 47 integrally formed with the first 
connecting shaft 45, four (4) planetary gears (planetary elements) 12'; effecting 
planetary motion around the sun gear 47, and carrier pins (output elements) 14\ 
The carrier pins 14- rotatably cupportinq support the planetary gears 12" relative to 
the second connecting shaft "13,, via the rolling bearings 15. The inner circumferential 
surface,, at the inboard side of the outer member (stationary element)^ is formed with 
internal teeth 8d to mosh i nq mesh with the planetary gears 12". 
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ffiQ581-r00591 — The rotation member 46 havifHa includes the integrated 

rotor portion 18 . The rotation member 46 - is rotated by supplying electric energy to 
the electric motor "M"t. and tho The rotation of the rotation member 46 is 
transmitted,, with speed reduction, to the first connecting shaft 45 A via the planetary 
gears 12. The rotation of the first connecting shaft 45 is transmitted to the planetary 
gear 12-^ via the sun gear 47 integrated with the first connecting shaft 45 . In turn, 
the rotation is transmitted and thon to the second connecting shaft 13 via the 
revolution of the planetary gear 12'; (i.e. carrier pin 14L!L_ and finallv Finallv, the 
rotation is transmitted to the hub whoo l wheel hub 6 with a^speed reduction via the 
serration 13a. 

fQQSgUOOgO] — The speed reduction ratio of the first and second 

planetary gears 42 and 43 can be appropriately adjusted by changing the tooth ratio 
of the internal teeth 46a of the rotation member and the internal teeth 8d of the outer 
member 8. For example, the reduction ratio., in a range of 3^ 93:1 to 9:1. can be set 
when the planetary reduction gear is applied to the motor-driven wheel driving 
apparatus of electric vehicle. Whole speed reduction ratio can be determined by the 
product of the reduction ratio "m" A of the first planetary reduction gear 42 ± and the 
reduction ratio u n\ of the second planetary gear 43, and thus expressed as "mxn". 
Accordingly, since a very large reduction ratio can be obtained within a small space, 
it is possible to substantially reduce the weight and size of the electric motor "M". 

fQQ6Q1-r00611 — Similarly to the previous embodiments, according to 

this embodiment, since the planetary gear 12', forming the second planetary 
reduction gear 43, is assembled into the inboard side end of the outer member 8, 
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forming the wheel bearing 1 , it is possible to assure a sufficient space for the bearing 
portion and thus to easily assemble the second planetary reduction gear 43. In 
addition^ since the first and second planetary reduction aeaf qears 42 and 43 can 
equally support the moment load, via the double row bearings, it is possible to 
suppress the application of the offset load to the planetary gears 12 and 12-; and the 
sun geargears 3 and 47. It is also possible to reduce the axial size of the apparatus 
since the electric motor "M" is separably united to the body mounting flange 8b of the 
outer member 8 via the stator housing 44. Furthermore, since the driving section 48 
can be contained within a knuckle (not shown), it is possible to protect the electric 
motor "M" from external force such as flying sten estones . 

App li cability to i ndustry 

fQQ6W00621 — The motor-driven wheel driving apparatus of tho 
prosont i nvention can be applied to various kinds of vehicles such as 4-wheeled 
vehicles, motorcycles, golf carts, 2 or 4 wheeled carts for aged or physically 
handicapped persons, handy carts used in construction or transport fields and others 
powered by fuel cells or batteries. 

{00621400631 — The present invention has been described with 

reference to the preferred embodiment. Obviously, modifications and alternations will 
occur to those of ordinary skill in the art upon reading and understanding the 
preceding detailed description. It is intended that the present invention be construed 
as including all such alternations and modifications insofar as they come within the 
scope of the appended claims or their i he-equivalents thoroof . 
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ABSTRACT OF DISCLOSURE 

An obj e ct of th e pres e nt invont i on is to prov i de a motor - dr i v e n wh eel dr i v i ng 
apparatus wh i ch can so l vo the probloms of tho pr i or art and i mprov e the durabil i ty of 
th e wh e el bear i ng, r e duce tho woight and siz e of tho apparatus, and mako it oasy to 
ass e mb le and d i sass e mble tho apparatus. Accord i ng to th e present i nvont i on th o r o 
i s prov i ded a A motor-driven wheel driving apparatus has comprising: a wheel 
bearing, a planetary reduction gear, and a driving section with having an electric 
motor for driving to drive the planetary reduction gear, and a rotation membe r. The^ 
the wheel bearing including includes a hub whool wheel hub formed with a wheel 
mounting flange on tts-one end . An , an inner ring is press-titiedfit e nonto a 
cylindrical portion of the hub whool wheel hub. The inner ring is -nan4 formed on its 
out e r c i rcumforont i al surface wjth at least one e^double row inner raceway surfaces 
on its outer circumferential surface. An^ ae outer member isjormed with double row 
outer raceway surfaces on its inner circumferential surface opposito l y opposite to the 
inner raceway surfaces T . and doubl e Double row rolling elements are rollably 
arranged between the inner and outer raceway surfaces . The- Mhe planetary 
reduction gear i nc l ud i ng includes an input element mounted on the rotation member, 
a stationary element mounted on the inner circumferential surface of the outer 
member, a plurality of planetary elements arranged between the stationary element 
and the input element, and an output element for supporting to rotatablv support the 
planetary elements rotatably relative to a connecting shaft . Thef 4fre driving section 
forming the electric motor and having has a stator housing mounted on the outer 
member, a stator portion contained within the stator housing, and a rotor portion 
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secured on the rotation member and arranged oppos i to l y opposite to the stator 
portion via a predetermined air gap . Th e ; the connecting shaft is removably and 
torque-transmittably connected to the hub wh eel wheel hub. The connecting shaft is 
af^d-adapted to drive the wheel by transmitting the rotation of the electric motor to the 
hub wh eel wheel hub via the planetary reduction gear. 
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